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ROOT GROWTH POTENTIAL AND FIELD SURVIVAL OF
CONTAINER LOBLOLLY PINE SEEDLIYGS FALL
FERTILIZED WITH NITROGEN
Hans M. Williams and David B. South2
m6si$~&-Two &udiec; invesiigatecl eR&s 05 fail nitragen fefertiiizw appiie%rrisn%on the rgst gro9Anh
(Pinus taeda L.). The
nce of container bblolty pine
(0 to 8' C). Seedlings
rng tevels mqing from 100 to
propagatedfor the first study m y have had a hidden nutrient deficiency and therefore the fall
diammonium p'nosphate (DAP) application at rates of 202 kg Nlha and 67 kg Nkra increased RGP 43%
arid 32%, reswvely.
The growing season mineral fertiiger application rate was increased in the second
study which may explain why fall nitrogen applications at X12 kg N/ha did not increase RGP. In general,
RGP increased as exposure to chilling houns increased. Fall ferti
creased total seedling weight.
ng weight and not a direct
Analysis of covariance indicated that RGP may be a function oft
rmwnse to feftilber treatment or chilling level. For the first study, survival was not significantly affected
by the fall DAP treatments.

INTWDUCTION
the effects of fall nitrogen fertilization on RGP as it
relates to chilling level were examined on containergrown SobSoliy pine seedlings.

The majority of studies concerning the effects of fall
nitrogen applications have concentrated on the
noehern forwt bee species (Anderson and Gessel
1966, Benzian et al. 1974, Thompson 1982, van den
Driessche 1985, 1988, Margolis and Waring 1986a,
1986b). The influences of fall nitrogen applications
have not been extensiveb studied for loblolly pine
(Pinus taeda L.). Earlier observations for loblolly pine
suggest that fall nitrogen applications had a detrimental
effect on outplanting performance (Ursic 1956, Gilmore
et al. 1959, Shoulders 1959). Poor performance might
be the result of akering the bud dormancy cycle. For
IoblolEy pine, several studies have investigated the
relationship between bud dormancy, storability, root
growth potential (RGP) and outplanting performance
(Garber 1983, Boyer and South 1985, Larsen et al.
1986, Dewaid and Feret 1988).

Seed from two half-sibling seed lots of loblolly pine
(Pinus taeda L.) were sown in 144 cm3plastic cone
containers filled with a coarse sand. Seed sources
were from geographically different locations. The ortet
of the northern family (No. 0208) was from Virginia
(approx. 36.90°N lat. 76.95W long.) while a southern
ortet (No. 0056) was from Georgia (approx. 32.07"N
lat. 81.549N long.). Containers (98) were held in plastic
trays which covered a 0.1 86 square meter area.
Seedlings were grown outside at Auburn, Alabama.

RGP is considered to be an important measure of
seedling quality (Ritchie 1985). As bud dormancy is
released by chiling, increases in RGP have been
ohenred for lobfolly pine (Rhea 1977, Johnson and
Barnett 1985, Cartson 1985, Larsen et a!. 1986). Few
studies have reported the influence of nursery cuttural
practics on the interrelationship between the chiliing
requirement and other seedling processes. Therefore,

Seedlings were sprayed with a Captan spray preceding
germination for damping-off control. During the
growing season, the seedlings were fertilized every two
weeks beginning on May 21, 1984 akernating
applications of a 20-20-20 (N-P20,-&O) and a 15-3015 fertilizer. Six applications were made supplying 170
kQlhalyear of nitrogen. The seedlings were watered
approximateu every other day until the end of August

MATERIALS AND METHODS
1984-85 Study

'Paper presented at the Eighth Biennial Southern Sitvicultural Research Conference, Auburn, AL, Nov. 1-3, 1994.
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when watering was reduced. Both water and fe*f$er
were dhhefd prtamoGng bud-s& and hardening-og*
The study w s conducted las a randomked campiete
black spM dot dezsign Mtr four repiicaGons. Whole
plo% consisted af aree levels of a falt agplcaion of
diammonium pkasph&e (DAP) f e d i ~ e&ersi
r BmePr$,
while famity repr~ented
tlrte subplot%, BAP wilts
applied d h a water can at levels equivalent to 0
(control), 67, and 202 kg N h a over Wo ap@ii~alion
dates of September 28, 1984 and Odober 5, 1984.
Chilling hours, defined as %e number sF houm
seedlings experienced temperatures beween O and
8'C, were mon&orsclusing a dighi temperature
recorder. The temperature recorder was placed in a
weather box located at seedling height, When chilling
levels reached approdmatefy 100,250, 400, and 550
hours (Table 1), seedlings were sampled from eaeh
repficaaon for each treatment and family (subplot). The
variables measured were root grovvth poten~aland field
suwival and height grovlrth.

Table 1. Sampling dates and associated chilling houn
(9-8' C) for the 1984-85 and 1985-86 root growh
potenlial and ouwlsanang expsrimenlis.
Sampling Date

Proposed
Chilling Hours

Actual
Chilling Hours

- 1984-85 Fall N Study ---November 13,1984
November 29, W84
January 6,1985
January 19,1985
December 10,1985
December 29,1985
January "I,1986
Januay 330,19W

100
97
250
238
400
406
550
559
---- 19885-86 Fall N Sudy
100
991
250
254
400
397
550
569

-

Root GrsWk Potential
Root groMh potential (RGP) for unstored and stored
seedlings w s measured using a hydroponic method
descIibed by Ritchie (1984). RGP tes~ngwas
conducted in a heated, glass greenhouse. Photoperiod
was @&endedto 16 hr using 300 W incandescentilight
bulk. Ten seedtings from eaeh subplot were randomly
sampled abach chilling level. Fitre seedlings were
placed in 49 llter pJas8c bags and the bags placed in

cold storage at 4'6 for a 10-week period. The other
five seedlings were tesled immediate&. Foll<rvvinga 30day tmt period, seedlings were removed from the RGP
t s t and @acedin cold starage unU root eounb could
be made. RGP vvas determined as the number of new
roo% (m&e roo@)greater than or equat to 1 ccm in
lensh. FollaMng the 143-week storage period, RGP
was determined in a similar manner far the stared
seedlings.

Field PerCarntance
Twenw seediings from each subplot were randornfy
sampled at each chilling level for outplanling. Ten of
the seedlings were inseeed in 49 l&er plasec bags and
the bags @acedin cold storage at 4'6 for 10 weeks.
The remaining 10 seedlings were outplanted
immedialely. The outplanling site was located
approximately 16 km norlh of Auburn, Alabama, Soil at
the site was classified as a GtvinneB sandy loam
(Unged States Deparlmerst of Agjrieullure 19631).
Seedlings were removed from their containers and
planted in r o w on a spacing of 6 h m by 91 cm using
a dibble bar. Foliowing planang, initial height and
ground-line diameter were recorded. Stored seedlings
were ~~tptianted
in a similar manner "Iweeks iater.
Subsequent measuremenlrs included first and second
year height and survival.

"li985-86 Study
A second study continued the examinalion of RGP
response to lateseason nitrogen applicalion. The
same h o loblolly pine families reported previously
were used in this study. Seed were sown in the plas~c
cone containers filled with a peat-perlite-vermiculite
pine bark mixture. For control of fusiform rust
(Cronartium quercuum f. sp. fusiforme), seeds and
seedlings vvere treated vvith triadimefon. Also,
seedlings were sprayed periodically with malathion to
control aphids. Burinfathe grovving season, the
seedlings were fertilked once a week beginning on
May 11, 1985 agpving similar fePtili+er types used in the
1984-85 study. By August 31, about 155.3 mg N had
been applied to each seedling. Seedlings were
watered everl, other day un"ci August. Fertiliza~onwas
stopped and watering was reduced in August to
promote bud-set and hardening-off.

"Te study design was a randomized complete block
sptit-plot vvith four replications. Whole plots consisted
of the FePtitiizer treatments and the subplots were the
familimeFertilirer treatmen% consisted of comparisons
between DAP, ammonium nitrate (AN), and a control.

DAP and AN were appled on November 3,1195 at a
rate equivafent to 202 kg M a . Seedlinm for RGP
were sampled at the same chilling tevels sbted for the
1984-85 stu* (TaMe 1).

Data Analysis

Table 2. Seedling biomass and root grovah potential
(WGP)of seedlings tated for RGP, 1984-85 Fall N
Stu*.
"Treatment Original
Weight

FOPeach stutuciy, analyriis of variance for a randomized
complete Mock spfit-plot design was conduded using
Staaistical Anatysiaj System procedurss (Statislical
Analysis Syslem "t87). The main effects of fertiker
treatment, famity, and storage were consideredfixed.
Analpis for the main effect of chilling level was handled
as a split-plot in space and time (Steel and Torrie
1980). Plot means were used as the observations for
all studies. Anabis of eovaiiance was done to aid in
RGP data interpretation. Where appropriate, simple
correlation coefficients were calculated to identify
relationships between certain variables. Differences
within main effects and their interactions will be
discussed as significant at the 2 5% level of probability.

RESULTS
1984-85 Study
Application of the DAP fertilizer did not significantly alter
the nitrogen (N)concentration of foliage (avg.=O.^iPB%)
and roots (avg.=0.43%) for seedlings sampled in
January. Stems of fall fertilized seedlings had higher N
concentrations (0.41%) than the control seedlings
(0.33%).
The main effects of fall fertilker treatment, famity,
chilling level, and storage each had a significant
influence on RGP (Table 2). RGP was enhanced 43
and 32 percent over the control when treated with 202
and 67 kg Ntha, respectively. Georgia seedlings
produced an average of 12 more new roots per
seedling than Virginia seedlings. An increase of about
four new roots per seedling occurred with each
addi~onof 150 chilling hours. Ten weeks of storage
reduced RGP by about 9 percent.
Any significant interactions betvveen main effects were
small, usually invoking fewer than 5 new roots. An
exception is the chilling by storage interaction
(P>F=0.0003), Storage reduced RGP by 54 percent at
the I 0 0 chilling hour level (Table 3). At 250 hours and
greater, RGP was improved or remained unchanged
with the 10 weeks of storage.

Root
Total
Root
Coliislr Oven-Dry Grovvth
Diameter Weight Potenliiai

7.8 ns 3.5 ns
67 kg N/ha 17.8
3.7
3.8
202 kg Nlha "f.6

2.05 ""
2.45
2.53

29 *""2
43
51

Virginia

15.6 "* 3.6 ns
19.8
3.7

2.16 ""
2.52

35 "^*
47

100
250
400
550

177.ns
17.2
18.1
18.0

2.112.29
2.40
2.51

35 *
39
43
48

3.6*
3.7
3.7
3.8

No
3.6 ns 2.27 "*
43 "*
Yes
17.7
3.7
2.40
39
Nitrogen levels were applied over two application
dates of September 9 and October 5 , 1984 using
Biammonium Phosphate.
ns, *, ", "= not significant, and significant at the 5%,
1% and 0.1 % probabirity level, respectively.
Chilling Level = the number of hours the seedlings
experienced temperatures between 0 to 8" C before
sampling.

'

The fertilizer treatmenb increased seedling oven-dry
weight (TaMe 2). The Georgia seedlings were heavier
than the Virginia seedlings. At each higher level of
chilling, seedlings sampled for RGP were heavier.
When compared with other oven-dry weight measures,
total seedling oven-dry weight had the highest simple
correlation coefficient with RGP (r=0.7685;
P>t=0,0001; n=180). An analysis of covariance, with
total seedling oven-dry weight as the covariate, was
conduGted to determine if the main effect resub were a
function of seedling size or a physiological response
altering RGP. While their significance tevels were
greatfy reduced, adjus~ngRGP for total weight showed
that only the main effects of fertitizer treatment
(P>F=0.0433) and storage (P>F=0.0079) remained
signEcant. The analysis of covariance indicated that
the chilling by storage interaction was not significant
(P>F=0.3034).

Table 3. Root growth potential of seedlings sampfed at
four chilling hour levels in relaQonto no storage or 10
weeks of storage.

First-year field grovvth and survival was not significantty
affected by the fe@l"~er
treatmenls (Table 4). The
Georgia seedlings had greater grovvth and suntival than
the Virginia seedlings. Chilling level did not significantfy
influence lirst-year growth, but, as chilling levet
increased, survival increased. Storage reduced survival
by 8 percent Signiiicant family and storage eRecb
were still eddent the second year after outplanting.
M o , a small increase in second-year height growlh
was observed for the fertilized seedlings.

Root G r o w Potential"
Chilling Hour Level2

-

(0 8' C)

No Storage

Storage

Any significant interactions betvveen main effects
represented small diRerences in height growth or
survival. The exception was the first-year chilling by
storage interaction. First-year survival was reduced 24
percent and 9 percent by storage when seedlings
received I 0 0 and 250 chilling hours, respectively (Table
5). Survival was slightly improved or remained
unchanged with storage for seedlings receiving 400
and 550 chilling hours.

' Root Growth Potential = The number of new,

1985-86 Study

unsuberiized rosb greater than " s c m in length.
The chilling hour by storage treatment interaction for
both studies is significant at the 0.4 % probability level.

Fail N applica;ions did not significanlly increase N
concentrations in foliage (avg.=1.03%), stems
(avg.=O.47%), and roots (avg.=0.53%) of seedlings

Table 4. First-year and second-year field survival and height growth for the 1984-85 Fall N study.
Treatment
Total
Ht.
(cm)

First Year
Height
Growth
(cm)

Survival

Total
Ht
(em)

Second Year
Height
Growth
Survival
(cm)
(pd)

Nitroaen Level'
Control
30 ns
12 ns
75 ns
61 *
30 *
72 ns2
67 kg Nlha
31
13
76
63
32
74
202 kg Nlha
32
14
79
67
35
77
Family
Virginia
28 "
12"
72 "
58 "
29 "
70 "
Georgia
34
14
82
70
36
78
Chillina Level3
100
30 *
12 ns
64 "
60 ns
31 ns
61 ns
250
31
13
78
63
33
76
400
32
13
82
65
33
80
550
32
14
83
66
34
80
Storage (10 wks)
No
31 ns
13 ns
81 ***
66 "
34 "
77 **
Yes
31
12
73
62
31
72
Nitrogen Levels were applied to seedlings over two application dates of September 28 and October 5, 1984 using
Diammonium Phosphate.
ns, *.
= not significant, and significant at the 5%, 1% and 0.1% probability level, respectively.

'

". -

Table 5. Fimt year ouwtan~ngsuwiVaI of seedlings
samged at four chilling hour levels in rela8on to no
slorage or "f weeks of storage for the 1984-85 Fall N
stuby.

TaMe 6. Seedling biomass, and root grovvth potenljal
(RGP) of seedlings tested for RGP, 985-86Fait N
Study.
Treatment

Chilling Hour Lewd'
(0 '
8 6)

-

Percent Survival
No Storage

Storage

Original
Height
(em)

Root
Total
Root
Collar Oven-Dry GroMh
Diameter Weight PolenOiial
Imm)
(9)

"to
250
400
558

'

The chilling hour level by storage interaction is
significant at *e 5% probabiiQ level,

sampled in January. Fertilker treatments did not
significanw affect seedling weight or RGF) (Table 6).
The Georgia seedlings were heavier and had higher
RGP than the Virginia seedlings. RGP decreased by
28 percent from 100 to 250 chilling houm. 41ehiitiing
levels above 250 hours shovved increases in RGP.
Storage reduced RGP Lay 39 percent. The signdicant
chilling by storage interacljon (P>F=0.0001) showed
that storage did not reduce RGP when seedlings w r e
sampled at I000 chilling hours, but storage did reduce
RGP when sampling occurred after longer periods of
chilling (Table 3).
High correla~oncoefficients bemeen RGP and total
seedling oven-dry weight (~0.6122;P>t=0.0001;
N-192) again necessitated the use of analysis of
covariance. The main effects of chilling and storage
remained significant. Also, the chilling by storage
interaction remained significant (P>F=0.0001). The
Georgia seedlings appear to have a higher RGP than
the Virginia seedlings because of their larger size.

"AN = Ammonium Nitrate, DAP = Diammonium
Phosphate; Application rate was 202 kg Nlha applied
on November 3,1985.
ns, *, "", ""* = not signilFicant, and significant at the 5%,
1% and 0. IO/o probabilidy level, respecavely.
Chilling Level = the number of hours the seedlings
experienced temperatures betvveen 0 to '
8 C before
sampling.

'

significant chilling effect for the second study.
However, the apparent relaEionship betvveen the lower
weight for seedlings sampled at the 250-hour level and
their lower RGP casts douM on the significant chilling
elFect.

DISCUSSION
The enhanced RGP of seedlings fall fertilired in the first
stugy may be explained by increases in seedling size
and the poor seedling nutrient slatus. Loblolly pine
eonanues adding shoot and root weight aRer height
growlh h.iss stopped in the fall (May 4 984). The
Georgia seedlings were heavier than the Virginia
seedlings. Seedlings sampled at each higher chiliing
level had greater total oven-dry weights. Anafysis of
covariance indicated that the family and chilling efiect
on RGP WBS confounded by total seedling oven-dry
weight. Gsvadate anahis did not remove the

Fail ferb'liraltjon of Bouglas-fir (Fasusdotsuga msnziesii
(Mirb.) Franeo) has improved RGP (van den Driessche
1985). Improvingthe nutrient content of the seedlings
in the first study would be expected to improve RGP.
The improved seedling N concentration in the second
study may have resuked in the lack of a faif fertitker
e8fect on RGP.
It is hypotheskedthat the abiliv of seedlings to
Mhstand storage is improved aRer fulFillment of the
chilling requirement for vvinter bud rest (Garber and

Mexall980). The chilling experienced by the seedlings
appeared effective in reducing the days-to-budbreak
(Williams and South 1992). For the first study, RGP
and field sunrkl was not affected by long-lcerm slorage
after 250 or more chilting hours. However, the analysis
of covariance, Mtotal oven-dry weight as the
covariaie, removed the e;igfs%9icrtntchilling by storage
interacQonfor RGP. Perhaps, the larger seedfin@
sampled at the higher chilling levels withsbnd long-term
storage better Ulan the smaller seedlings. The opposite
resutt was observed tor the second study. RGP was
reduced by long-term storage for seedlings
experiencing 250 or more chilting hours. Storage may
reduce RGP regardless of the terminal bud rest status
as influenced by chilling (Carlson 1985). In addition,
chilling requirements for storage may differ from the
amounts necessary for winter rest release (Boyer and
South 1985).
Fall N fedlitation improved the size and weight of the
container seedlings without significantly aRering the bud
dormancy cycle (Williams and South 1992). Fall N
Pertilkation may prove more beneficial for seedlings with
known or hidden nutrient deficiencies. Any gains in
RGP as a result of increasing seedling sks may be
negated by cold storage regardless of when the
seedlings are lifted. Future research should
concentrate on the type, timing and amounts of fall
mineral fertiiiitation. In addition, future investigations
should study the relationship between growing season
bareroot cultural practices and fall mineral feitilization.
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